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sqttare function $L_{p}$ $||( \sum_{k=0}^{\infty}|\triangle_{k}(\theta)|^{2})^{1}/2||_{L_{p}}$ $f$ $L_{p}$
11 $f||_{L_{\mathrm{p}}}l\mathrm{h}\Pi\overline{\mathfrak{o}}$ $(1<p<\infty)_{\text{ }}$
1. FBI (Fotlrier-Bros-Iagolnitzer )
$f\in S’(\mathbb{R}^{\gamma?}\cdot)$ FBI ([1])
$Tf(x, \xi)=\int f(t)|\xi|^{?1./2}\exp\{-|\xi||X-t|^{2}/2+i\xi\cdot(x-t)\}dt,$ $(x, \xi)\in T^{*}\mathbb{R}^{n}$ .
Typeset by $A_{\Lambda}\theta-\tau \mathrm{E}^{\mathrm{x}}$
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$x$
$\overline{T.f}(z, \xi)=.\hat{f}(Z)\exp\{-|z-\xi|2/2|\xi|\}$ .
$\{t, |t-.\iota\cdot|\leqq|\xi|^{-1/2}\}$ , $\{^{\sim}.\cdot.||\approx-\xi|\leqq|\xi|^{1/2}\}$ $f(t)$
FBI $r>0,0\leqq\alpha\leqq 2$
$T_{r,\alpha}f(x, \xi)=\int f(t)|\xi|^{n\alpha/2}\exp\{-|\xi|^{\alpha}|x-t|^{2}/2+ir\xi\cdot(x-t)\}dt$ , $(x, \xi)\in T^{*}\mathbb{R}^{n}$ .
$x$
$\overline{T_{r,\alpha}.f}(Z, \xi)=\hat{f}(z)\exp\{-|Z-r\xi|^{2}/2|\xi|^{\alpha}\}$ .
Triebel-Lizorkin ([8]) $\phi_{0}(Z)$ $C^{\infty}$
$\{z;|z|\leqq 1\}$ 1 $\phi(z)$ $C^{\infty}$
$c_{1}.<c_{2}$ $\{z;c_{1}<|z|<c_{2}‘\}$
$\emptyset(z)$ $s\in \mathbb{R},$ $1\leqq p<\infty,$ $1\leqq q\leqq\infty$
$f\in S’(\mathbb{R}^{?1})$ Triebel-Lizorkin $F_{pq}^{s}$
$||(\phi 0.\hat{f})^{-}||_{L}p+||||r(S\phi(\cdot/r)\hat{f}(\cdot))(- x)||L_{q(/r}dr;r\geqq 1)||_{L_{\mathrm{p}}}<\infty$
( $\emptyset 0,$ $\emptyset$ ) Triebel-Lizorkin
type $s\in \mathbb{R},$ $1\leqq p<\infty,$ $1\leqq q\leqq\infty$ $f\in S’(\mathbb{R}^{n})$
$\mathcal{F}_{J^{)}q\alpha}^{S}$
$||( \phi 0.\hat{f})\vee||L_{\mathrm{p}}+||(\int_{|\xi|}\geqq 1|\xi|^{sq}|\int_{S^{n-1}}\int_{1}2XT_{\Gamma},fO.(, \xi)d_{7}\mathrm{t}d\theta_{\xi}|^{q}d|\xi|/|\xi|)^{1/q}||_{L_{P}}<\infty$
( $\phi 0$ )
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Theorem 1. $0\leqq\beta\leqq\alpha<2$ $\mathcal{F}_{Pq\alpha}^{s}=\mathcal{F}_{pq\beta}\backslash 9-n(\alpha-\beta)/2$ .
([.3]) $\mathrm{v}\mathrm{e}\mathrm{c}\mathrm{t}\mathrm{o}\mathrm{r}-_{\mathrm{V}\mathrm{a}}\mathrm{J}_{\mathfrak{U}\mathrm{e}}\mathrm{d}$ Fourier multiplier $\mathrm{t}1_{1\mathrm{e}\mathrm{o}}\mathrm{r}\mathrm{e}\ln([8])$
$(p_{\alpha.|}^{\dot{\rfloor}}\xi|(\sim$.$) \sim=\int_{S^{1-}},1\int_{1}^{2}(^{\lrcorner}\mathrm{x}\})\{-|..\sim-t\cdot\xi|2/2|\xi|\alpha\}d_{\Gamma}d\theta_{\xi}$,
$\emptyset_{\alpha,|\xi}^{\prime z}|(Z)=\int_{S^{n-1}}\int_{1/2}^{4}\mathrm{e}\mathrm{x}1^{\dot{y}}\mathrm{t}-|_{Z}-\uparrow’\xi|2/2|\xi|\alpha\}drd\theta_{\xi}$
$z$ $|\xi|\geqq 1$ $C,$ $c$
$\emptyset_{\alpha,|\xi|}^{1}(_{Z)}\leqq c|\xi||\iota(\alpha-\beta)/2\phi 2(\beta,|\xi|z)+^{c_{\exp}\mathrm{t}(}\text{ }-C|\xi|2-\alpha+|_{Z|^{2}/|}\xi|\alpha)\}$ ,
$|\xi|n(\alpha-^{\rho)/1}2\emptyset\beta,|\xi|(Z)\leqq c_{\phi_{\alpha,|\xi|}^{2}}(z)$ .
{ $z;|\xi|/10\leqq$ I $\leqq 10|\xi|$ } – $C\exp\{-C(|\xi|^{2-\alpha}+|z|^{2}/|\xi|^{\alpha})\}$
$\mathrm{c}\gamma=2$
$|\xi|$ $\alpha=2$
( $\mathrm{v}\mathrm{e}\mathrm{c}\mathrm{t}\mathrm{o}\mathrm{r}- \mathrm{v}_{\dot{\mathrm{t}}\}\mathrm{J}\iota \mathrm{t}\mathrm{e}\mathrm{C}\iota$ Fourier lllultiplier theorem$([8])$
Fact. $1\leqq P<\infty,$ $1\leqq q\leqq\infty$ $\kappa>r\mathrm{z}(1/2+1/\min(p, q))$ $f(x, y)$









$\leqq C_{\mathrm{b}^{\tau}\mathrm{t}\iota}\mathrm{L}),||y\in \mathbb{R}^{l}i|\hat{I}(dy., y)||_{H^{\kappa}}\cdot||||.f(,\iota" y)||l\lrcorner q(dy/|y|n)||_{L_{p}(}dx)$ .
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Besov type
Besov ([8]) $\phi_{0}(z),$ $\phi(z)$
$s\in \mathbb{R},$ $1\leqq p,$ $q\leqq\infty$ $f\in S’(\mathbb{R}^{\mathcal{R}})$ Besov $B_{pq}^{s}$
$||\langle\phi 0.\hat{f}).||L_{\mathfrak{l}^{J^{+}}}||||\gamma^{S}’(\emptyset(\cdot/7’).t\hat{\cdot}(\cdot)).(a’)||/_{\lrcorner}Jd_{1}l(.\cdot)||_{L_{q}(d\Gamma/r}r;\geqq 1)<\infty$
( $\phi_{0},$ $\phi$ ) Besov type
$s\in \mathbb{R},$ $1\leqq p_{)}q\leqq\infty$ $.f\in S’(\mathbb{R}^{n})$ $\mathcal{B}_{pq\alpha}^{s}$
$||( \phi 0\hat{f})^{\vee}||_{L_{\mathrm{p}}}+||(\int|\xi|^{S}p|\int_{s^{\prime n-\iota}}\int_{1}^{2}\tau_{r,\alpha}.f(_{X}, \xi)drd\theta\xi|^{p}dX)^{/p}1||_{L(|}qd\epsilon|/|\xi|;|\xi|\geqq 1)<\infty$
( $\phi_{0}$ )
Theorem 2. $0\leqq\beta\leqq\alpha<2$ $B_{pq\beta}^{s}\alpha=B_{\mathrm{P}}S-n(q\alpha-\beta)/2$ .
2. Triebel-Lizorkin
$2k>\uparrow?/111\mathrm{i}11(\mathit{1}J, q)$ $k$ $\phi_{2,|\xi|}^{1}(^{\sim}\vee \mathrm{I}’$ $z=0$
$\varphi_{|\xi|}(z)=|z|^{2k}/|\xi|2k\int_{S^{n-1}}\int_{1}^{2}\exp\{-|Z-r\xi|^{2}/2|\xi|2\}drd\theta\epsilon$
$\varphi_{1}(z/|\xi|)=\varphi_{1\xi}|(z)$ $\varphi_{1}(z)$ Triebel-Lizorkin
– ([8]) $\triangle_{x}$ $x$ Laplacian
Theorem 3. $s\in \mathbb{R},$ $1\leqq P<\infty,$ $1\leqq q\leqq\infty$ $f\in S’(\mathbb{R}^{n})$ iebel
Lizorkin $F_{pq}^{s}$




index $p,$ $q$ 1
$x\in \mathbb{R}^{n},$ $t>0$
$W(t)f(X)=(4 \pi t)-n/2\int e^{-|x-y}|2/4tf(y)dy$
Gauss-Weierstrass
$P(t)f(_{X})=c_{n} \int\frac{t}{(|x-y|^{2}+t2)(n+1)/2}f(y)dy$
Cauchy-Poisson $c_{n}$ $P(0)$ identity
$\sigma_{p}=n(1/p-1)+$
Fact. $s\in \mathbb{R},$ $0<p<\infty,$ $0<q\leqq\infty$ $\phi_{0}$ $m,$ $k$
$m$. $>s/2$ , $k>77/1\mathrm{n}\mathrm{i}\mathrm{n}(p, q)+1\mathrm{n}\mathrm{a}x(s, \sigma_{p})$
$f\in S’(\mathbb{R}^{n})$ ’l\urcorner riebel-LizOrki $r\iota$, $F_{pq}^{s}$
$||(\phi_{0}\hat{f}).||_{L_{p}}$ \dagger $||( \int_{0}^{1}t(m-S/2)q|\partial m_{W()}.tf/\partial t^{\mathit{1}\iota}’|qdt/t)^{1/}q||_{L_{\mathrm{p}}}<$ oo




1) $\mathcal{F}_{2,2,1}^{s}$ $L_{2}$ Sobolev $H^{s-n/4}$ – Plancherel




3) $a(x, \xi)\in S_{\rho,\delta}^{??1}(1\geqq P>\delta\geqq 0)$ symbol $a(x, D)$
$\mathrm{t}\iota(X, D)-\tau^{*}M_{a}\tau_{\rho}\rho+\delta+\delta\in OPS_{\rho}^{?n_{\delta^{-}}},\cdot(\rho-\delta)$ .
$T_{\alpha}=T_{1,\alpha},$ $M_{a}$ $a(x, \xi)$ $*$ $([2],[4])$
4) $L_{p}$ second
dyadic $(=\mathrm{d}\mathrm{y}\mathrm{a}|\mathrm{d}\mathrm{i}\mathrm{c}-\mathrm{P}\mathrm{a},\mathrm{r}\mathrm{a},\mathrm{b}_{0}1\mathrm{i}\mathrm{C})$ decomposition ([7])
4. FBI
FBI
analytic, Gevrey, $C^{\infty},$ $H^{s}$ $\text{ }([1],[.3],[4])[5],[6])$
1) $(x_{0}, \xi 0)\not\in WF_{A}$ )\Leftrightarrow (xlxo, $\xi^{0}$ ) $\Gamma$ , $C,,$ $c$
$|Tf(X, \xi)|\leqq Ce^{-c|\xi|}$ , $(x, \xi)\in\Gamma$ .
2) $(x_{0)}\xi \mathit{0}_{)}\not\in WF(G^{1s})(.t\cdot)\Leftrightarrow(x_{0}, \xi^{0})$ $\Gamma$ , $C,,$ $c$
$|T.f(X, \xi)|\leqq$
$Ce^{-c|\xi|^{\iota/S}}$ , $(x, \xi)\in\Gamma$ .
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3) $(x_{0}, \xi^{0})\not\in WF(f)\Leftrightarrow(X_{0}, \xi^{0})$ $\Gamma$
$|Tf(x, \xi)|\leqq C_{N}(1+|\xi|)-N$ , $(x, \xi)\in\Gamma,$ $\forall N\in \mathrm{N}$ .
4) $(x_{0}, \xi 0)\not\in WF(H^{s})(.f)\Leftrightarrow(x_{0},$ $\xi 0_{)}$ $\Gamma$
$\iint[^{\backslash }\int_{1}^{2}(1+|\xi|^{2})^{s}+|l/4|\tau_{?}..f(x, \xi)|2d\gamma’ dXd\xi<\infty$ .
$\tau_{r}=\tau_{f}$
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